Macromolecular system: Details about the modelling procedure of the Shaker B channel and the obtention of the closed (R-state) and the partially open (TA-state) conformations of the pore can be found in [1] . Details about modeling of the Kv1.2 channel can be found in [2] . Briefly, for the Shaker B simulation, the complete system contains the tetrameric channel, 488 p almitoyl-oleylphosphatidylcholine (POPC) lipid units, a total of 34,854 water molecules and 2 potassium ions located in the selectivity filter (total of ca. 158,000 atoms). To ensure neutrality of the system, 10 sodium counter ions were distributed uniformly in the solvent. The R-state conformation was obtained after 13 ns MD simulation, under an external electric field of 4 mV/Å pointing from the outer side of the membrane to the inner, i.e., under conditions of a polarized membrane. To promote activation of the channel, a reverse field 5 times larger was applied to the system for ~ 17 ns providing the TA-state conformation. A thorough analysis of the conformational changes, between both states was reported in [1] . A brief report is provided here for completeness: upon activation, conformational changes lead to an increase of the hydration of the charged S4 helices, correlated with an upward translation and a tilting of the latter that in turn is coupled to motions of the pore domain. Although small, these conformational changes induce a bending and swivel motion of S6 around the PVP motif (Fig. 4) . The activation (and therefore opening of the channel) was not complete during this rather short simulations, eventhough the model appears to corroborate experiments on Kv channels.
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The opening or gating mechanism of the pore domain of Kv channels was initially proposed based on X-ray structures of the KcsA [3] and MthK [4] bacterial potassium channels (both channels lack the voltage-sensor domain, and are respectively in the closed and open states). During channel opening, the S6-glycine hinge, conserved in all known potassium channels, enables an outward swing of this helix that opens a wide internal vestibule [4] . Yellen and collaborators proposed a different mechanism for Kv L02 channels. Such channels contain, additionally to the glycine hinge, the so-called PVP motif, and it was postulated that the gating mechanism results mainly from a bending of S6 at the PVP motif [5] . In this mechanism, blocking residues swivel away from the ion pathway , increasing the volume of the pore below the PVP motif, while maintaining a small constriction. For the Kv1.2 simulations, t he all-atoms coordinates of the Kv1.2 a-subunit were obtained by considering as a framework the x-ray structure of the channel (PDB code: 2A79) [6] . The Kv channel was inserted at the center of a membrane patch composed by palmitoyloleylphosphatidylcholine (POPC) lipid molecules, optimizing the distance between conserved aromatic side chains (belonging to S1 through S3) and the phospholipid head groups [7] . The complete system contains the Kv channel, 426 lipid molecules, 60,485 solvent-water molecules and 2 potassium ions located in the selectivity filter (a total of ca. 238,255 atoms). To ensure the neutrality of the system, 42 counter ions (sodium and potassium) were distributed uniformly in the solvent. An equilibration run of 10 ns was performed to relax the structure in its lipidic environment.
MD simulations: MD simulations presented here was carried out in the NPT ensemble using the program NAMD [8] . The equations of motion were integrated using the r-Respa multiple time-step algorithm [9] . Short-and long-range forces were calculated every 2 and 4 time-steps, respectively, with a time step of 1.0 fs. A Langevin piston maintained the pressure of the cell at 1 atm. The temperature of the system was fixed at 300 K, using the extended system Nosé-Hoover algorithm. Chemical bonds between hydrogen and heavy atoms were constrained to their equilibrium value. Long-range electrostatics forces were taken into account using a fast implementation of the particle mesh Ewald (PME) approach [10] .
Free-energy calculations:
The free-energy profile or potential of mean force (PMF) of ion conduction was calculated using the adaptive-biasing-force (ABF) method [11, 12] . This method determines the free-energy ( G ) profile through a reaction coordinate λ by integrating: , that enables the system to overcome free-energy barriers during an unconstrained MD run. This is estimated using the average instantaneous forces
is the gradient of the actual estimation of the free energy respective to the Cartesian coordinates X . As the estimation of G or λ λ F is improved during the simulation, the biasing force adapts to match precisely the free-energy barrier, promoting a uniform sampling by diffusing the system on a flat-energy surface.
Errors bars on the free energies have been estimated using the formula proposed by Rodriguez-Gomes [13] :
σ is the variance of the force defined as
is the average of the time series { }
is the so called sampling ratio [14] . This quantity measures the length in the series for which data points loss correlation or become independent statistically. In this case, the effective number of independent data points in the time series Reaction coordinate: The reaction coordinate (rc) for conduction through the activation gate was defined as the distance between the ion and the geometric center of residues 435 to 445 (C=O atoms) at the selectivity filter. For the Shaker model, the translocation of the ion follows a pathway of 27 Å, ranging from the cytoplasmic entrance of the pore to the entrance of the central cavity, located immediately above the PVP motif. rc was divided into sections of 3 Å to minimize statistical errors, and the free-energy profile of each section was calculated by means of an independent MD run. For Kv1.2, only a pathway of 9 Å centered at the Val 478 (hydrophobic gate) was considered. For each run, (section sampling) an ion was initially placed along the coordinate, and the system was minimized and equilibrated for 100 ps with the ion fixed. Then the dynamics of the latter was harmonically restrained to specific sections of the coordinate for free-energy evaluation. This was achieved by placing "harmonic walls" (http://www.ks.uiuc.edu/Research/namd/2.6b1/ug/) at each side of the slab.
RESULTS
A total simulation time of ~15 ns was required for the estimation of K + translocation through the activation gate for the R -and TA-states, and ~3 ns were required to determine the PMF of K + conduction through the region of the Val 478 in the A-state of the Kv1.2 channel. 21 independent simulations were performed.
The PMFs for ion conduction were evaluated by homogenous sampling along the reaction coordinate in which at least 20,000 values of the force were collected for averaging (Fig 5.) 
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We note that in the closed R-state, the forces in slab 7 ( -27 Å < rc < -24 Å) show a discontinuity at the boundaries. The estimated force and the corresponding ∆G reported for this slab may be considered as a lower bound of the barrier for diffusion. Here, the reported value of ∆G is in fact characterized by a large systematic error (compared to the calculated statistical error) due to difficulties in sampling appropriately this region. Indeed, this is the region of the maximum constriction of the pathway ( Fig.   2A ). In the TA state, (and in the Kv1.2 structure) the constriction has evolved and the problem of convergence is no longer an issue. The inaccurate estimate of ∆G in window 7 of the calculation does not strongly influence the main results and conclusions from the manuscript. 
